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Abstract 
This paper presents a procedure that can be used to determine what kind of design intervention strategies can be implemented by designers for 
the improvement of the global environmental performance during the use phase of a product, regarding consumers’ behaviors.  
Four design intervention strategies have to be tested on espresso coffee machine: written information, eco-feedback, objective to reach and 
persuasive technology. Energy and water consumption during use phase of 36 regular espresso coffee machine users will be measured during 
the experimentation. At this stage, a first design strategy has been tested and environmental benefits have been highlighted thanks to LCA 
analyzes. Users’ variables such as environmental knowledge, attitude, habits, are also measured and a statistical analysis will be conducted for 
the validation of the model of relationship proposed. 
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1. Introduction 
Nowadays, the accelerated obsolescence of products is a 
major economic and social problem, which implies lots of 
environmental issues. It has indeed been demonstrated that the 
overconsumption of electronic and electric devices generates 
large environmental impacts worldwide. For the majority of 
consumer electrical appliances, the use phase is one of the life 
cycle phases with the greatest environmental impacts, 
especially due to electricity consumption [1], [2]. A way to 
reduce this problem is to develop new products able to 
improve their environmental performance during use phase all 
along their life cycle. The adaptation of technologies to the 
consumer requirements can enable to increase the lifetime of 
the product and avoid high environmental impacts during use 
phase, such as energy consumption, by modifying user’s 
behaviour. The product, as an interface between the user and 
the using activity, can be designed to encourage pro-
environmental behaviour all along its life cycle. This paper 
presents a procedure to help designers in the definition of 
efficient eco-design strategies to implement on low-
complexity electrical household appliances for reducing 
environmental impacts during use phase with the 
understanding of user’s behavior. A case–study on an 
espresso coffee maker will illustrate this work.    
1.1. State of the art of design strategies for sustainable 
behavior 
Most of the solutions today to reduce environmental 
impacts during use phase have been concentrated on 
improving the product’s technologies, for example integration 
of high efficiency components [3],[4]. Because of growing 
regulation on the environmental performance during the use 
phase of energy related products (e.g. ErP directive 
2009/125/EC [5]), various methods and tools have been 
developed to meet regulation’s energy efficiency targets [6]. 
However, these methods and tools are not taking into 
consideration the share of the user’s behavior in the future 
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environmental impacts of the product in use phase. For the 
majority of consumer electrical appliances, an improper use of 
the product - no matter how technically effective - increases 
significantly their environmental impacts [7]. 
Therefore, some researchers have focused their work on 
user-centred design in order to apply design strategies on 
products to induce a sustainable behavior. Tang and Bhrama  
demonstrated that the environmental impacts of a product 
during its life cycle is highly dependent on how the user will 
use the product [8]. Thus, the environmental performance 
during the use phase of a product is directly affected by user’s 
behavior. They proposed seven different design 
methodologies for inducing sustainable behavior in order to 
prevent environmental impacts during use phase and 
especially energy consumption. Lilley proposed a design 
methodology for sustainable behavior that identifies three 
different modes of intervention on the product for influencing 
user’s behavior [9]. The first one, Eco-Feedback, provides 
information to the user concerning his own impacts. This 
intervention aims to guide the user toward a pro-
environmental behavior. The second one, Behavior Steering, 
encourages users to behave in ways prescribed by the designer 
through constraints integrated on the product. This maintains 
behavioural changes. The last intervention, Persuasive 
Technology, employs persuasive methods to ensure 
behavioural changes when the product is used. According to 
other studies led on design strategies for sustainable behavior, 
a classification of the intervention strategies found in 
literature can be made depending on:  
x the possible format of the design intervention: written or 
oral information, comparative feedback, competition, 
penalties, persuasive technology… [10] 
x the objective of the intervention on the user: improve 
environmental knowledge, engage, drive/encourage, and 
create interest/focus [10] 
x  the possible design strategies to employ for 
implementation on product: Eco-information, Eco-choice, 
Eco-feedback, Eco-spur, Eco-steer, Eco-technology or 
Clever design [8].  
Wever et al. have also proposed two possible design 
interventions on the product in order to reduce environmental 
impacts during use phase: functionality matching and 
behavior adaptation [11]. Functionality matching strategy 
aims to bring user’s needs and product functionalities into 
line. Behavior adaptation aims to point out more or less 
intuitively to the user, the product functionalities with the less 
environmental impacts in use phase.  Their findings 
concluded that the efficiency of user-centred design 
approaches for inducing sustainable behavior can be reached 
when user’s behavior, needs and characteristics are taken into 
consideration by designers. Other studies had the same 
conclusions [12]. Practical examples of design intervention 
strategies for sustainable behavior can be found in the 
automotive industry, for example the BMW eco pro mode that 
combines eco-feedback, eco-steer and persuasive technology. 
However, the real efficiency of these strategies is difficult to 
evaluate without getting information on the user. Therefore, 
studying user’s behavior can provide important information to 
designers for the environmental improvement during use 
phase of a product and for designing efficient intervention 
strategies.  
1.2. Importance of considering user’s profile 
In order to improve the efficiency of design intervention 
strategies for sustainable behavior, researchers have 
demonstrated that it matters to understand deeply users’ 
environmental consciousness [13]. A pro-environmental 
behavior is defined by the action of using an artefact in a way 
that have smaller impacts on the environment than 
conventional ways of using the artefact [13]. Several studies 
in the socio-psychological areas have proposed different 
representations for understanding environmental behavior of 
users in order to understand how to promote behavioral 
changes [14],[15]. These representations identify the user’s 
variables that can influence these behaviors. Among them, we 
can cite the theory of planned behavior, developed to identify 
the relationship between attitude, subjective norms, perceived 
behavioral control and behavior [16]. This theory helped 
searchers to understand users’ intentions to perform behaviors 
of different kinds. This model has been one of the most 
widely used in pro-environmental behavioral research. 
However it does not measure actual behaviors or behavioral 
changes due to a modification of one of these variables.  
Abrahamse et al. worked on a different modeling of 
variables affecting user’s behavior [17]. They demonstrated 
that behavior is influenced by two different levels of factors: 
wider societal factors, such as technological development, 
culture, economic growth etc., as well as personal factors, 
such as motivation, ability, opportunity etc. User’s behavior 
may also be influenced by habits and routines. However, it is 
difficult to modify and change using habits when it is deeply 
ingrained in user’s behavior. These representations of user’s 
variables influencing user’s behavior have difficulties to be 
integrated by designers in the design process of the product. 
Some studies have been carried out in order to examine ways 
of improving ecological user performance from a designer 
perspective and also to aim a better understanding of user’s 
variables influence on environmental performance of the 
product [7]. To achieve behavioral change for environmental 
performance in use - despite the complexity of the issues 
enounced in literature regarding pro-environmental behavior - 
it is necessary for designers to consider user’s profile. When 
designing intervention strategies for inducing pro-
environmental behavior on a product, some indicators such as 
environmental impacts of the strategy, effectiveness on the 
users etc., could be of interest for designers. A better 
comprehension of the variables affecting the consumer 
behavior as well as the parameters hidden behind the 
decision-making process needs to be acquired in order to 
understand how the environmental impacts during use phase 
can be improved and controlled during the design process.  
A model of the potential influence of user’s variables as 
well as the context of use on user’s behavior is presented in 
this paper. An experimental procedure on espresso coffee 
makers has been developed to validate this model and to 
identify the key important variables for designers to consider 
during the design process for an environmental performance 
during use phase. 
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2. Proposed model  
 
The objectives of the study are the followings: 
x to develop a representative model of the variables 
influencing environmental behavior in use  
x to validate this model with an experimental protocol, in 
order to help designers in the definition of effective design 
intervention strategies for an environmental performance 
during use phase of an espresso coffee maker. 
2.1. Model 
The strong variety of possible user behaviors needs to be 
taken into account by designers for proposing efficient 
potential design strategies for the improvement of 
environmental performances during use phase of a product. 
Thanks to sensitivity analysis, the range of possible different 
user’s environmental sensitivity can be covered. Therefore, in 
this study, a questionnaire has been set up to measure three 
variables that will define the environmental sensitivity of the 
user: the environmental knowledge, the environmental 
attitudes and habitudes of the user.  The hypothesis that there 
is a potential link between these variables and the 
environmental performance during use phase has been made. 
However, it is difficult to consider the environmental impacts 
during use phase without taking into consideration the 
influence of the context of use on user’s behavior. This 
context of use is characterized by various parameters such as 
the environment of use, the geographical conditions, the 
culture, the equipment available for the user etc. [18].  When 
implementing a new feature on a product, this context of use 
will be modified and could lead to usage behavioral changes. 
Our methodology examines the potential impacts of design 
intervention strategies on this context of use and on the use 
behavior (Figure 1). However, when technologies are added 
on the product, for example electricity consumption sensors 
for eco-feedback,  it is necessary to compare the potential 
environmental gains during use phase due to the user’s 
behavior changes with the environmental losses due to the 
production, installation, and end-of-life handling of these 
added technologies. A life cycle analysis should be performed 
in order to evaluate these potential gains. This could help 
designers to choose the best intervention strategy - from an 
environmental point of view - to implement on product.  
2.2. Case-study 
In this study, an espresso coffee maker has been chosen as 
a case-study. The critical ecological parameters of espresso 
coffee makers have been identified and it appears that the use 
phase of this product is the life cycle phase with the most 
environmental impacts for the majority of the environmental 
impacts indicators [19]. These results are due mainly to the 
consumption of energy, water and coffee during this life cycle 
phase. According to the typology of machine, the 
environmental impacts during use phase can vary, especially 
because of the type of coffee used in the maker (aluminium 
capsules, plastic or paper coffee-pods or only ground coffee). 
The consumer’s behavior can play a crucial role in the 
environmental impacts during the use phase of the espresso 
maker: these impacts are mainly caused by strong coffee 
consumption and also by the non-immediate stop of the 
machine after the realization of coffee. In this study, a regular 
espresso coffee maker, functioning with ground coffee has 
been used. In this way, the environmental impacts caused by 
aluminium, plastic or paper pods or capsules are avoided.   
Thanks to the analysis of the social-psychological theories 
on sustainable behavior and to the product environmental 
profile analysis, a model based on the user-centered eco-
design approach has been developed for the espresso coffee 
maker. Figure 1 illustrated this model which links user eco-
sensibility variables with user’s behavior, context of use and 
environmental impacts during the use phase of the espresso 
coffee maker. It also points out the necessity to take into 
account the potential environmental impacts due to the 
implementation of new features on the product for evaluating 
the real efficiency of the design intervention strategies. 
 
 
Figure 1.Model proposed of relationships between user’s variables, context of 
use and environmental impacts in use. (EoL: End of Life) 
Then, an experimental procedure has been developed to 
validate the hypothesis presented in this model.  
 
3. Experimental procedure 
The objectives of the experimentation are the followings: 
x to identify potential efficient design intervention strategies 
that induce pro-environmental behavior during the use 
phase on an espresso coffee maker 
x to measure the efficiency of different design intervention 
strategies on different  eco-profiles of users 
x to link user’s profile variables with environmental impacts 
during the use phase 
x to understand user’s perception of various intervention 
strategies  
x to propose potential eco-learning schemes based on the 
definition of efficient intervention strategies for users on 
the espresso coffee maker 
3.1. Machine instrumentation 
Four design intervention strategies are tested in this 
experimentation: Eco-Feedback (S1), Eco-Feedback + 
Objective (S2), Persuasive technology (S3) and Written 
information (S4). These four strategies have been chosen to 
be tested on an espresso coffee maker (Delonghi EC 150) 
because they have been identified as the most effective 
strategies on this product for influencing user’s behavior.  
Moreover, they are relatively easy to implement on this type 
of product. Table 1 shows how these strategies have been 
integrated on the coffee maker. 
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Table 1. Instrumentation of intervention strategies on Delonghi EC 150 
Intervention strategy Objective Implementation on coffee maker 
Eco-Feedback (S1) Diminution of electricity consumption 
Sensor + screen 
on the machine 
Eco-Feedback + 
Objective (S2) 
Diminution of electricity 
consumption 
Sensor + screen 
on the machine 
Persuasive 
technology (S3) 
Diminution of electricity & 
water consumption 
Automatic 
switch-off 
Written information 
(S4) 
Diminution of electricity & 
water consumption 
Sticker on the 
machine 
3.2. Definition of participant’s environmental profiles 
Thirty-six participants (67% females, 33% males age: 19% 
between 22 and 32 years old, 31% between 33 and 43, 19% 
between 44 and 54, 31% between 55 and 65) are taking part in 
this experimentation. They are selected out of a panel of 155 
persons owning an espresso coffee machine at home who 
answered an online questionnaire, to represent the average 
profile of European espresso coffee maker owners. All 
participants are regular espresso coffee maker users and 
owned one at home. The participants are paid 15 euros for this 
experimentation.  
Three questionnaires are used to measure different user’s 
variables that will help the definition of environmental 
sensitivity of users: the environmental knowledge, the 
environmental habits and the environmental attitude. 
Environmental knowledge: A 10-items questionnaire has been 
developed to evaluate the general environmental knowledge 
of users. When answering to the questionnaire, the user has to 
indicate the confidence of his answer on a 5-points Likert 
scale. The final score of this questionnaire can vary from -10 
to 10. 10 represent a strong environmental knowledge.  
Environmental habits: A 25-items questionnaire has been 
developed to evaluate the potential pro-environmental habits 
of the users. 10 items have been developed to capture user’s 
habits with their coffee maker at home. The other questions 
are related to user’s general habits regarding waste recycling, 
water consumption, use of domestic appliances etc. A score of 
25 is related to strong pro-environmental habits.  
Environmental attitude: The NEP scale revised method that 
consists of 15 items (8 pro-traits and 7 con-traits) has been 
used to measure the tendency for the users to accept a certain 
environmental vision. The maximum score of this 
questionnaire is 75. Dunlap et al. have demonstrated that a 
high score on the NEP scale is correlated with a pro-
environmentalist attitude. This scale is used to measure 
indirectly the environmental attitude of the user [20].  
Definition of user’s eco-profiles: The data collected from 
questionnaires are then analyzed using a principal component 
analysis for grouping the participants depending on their 
environmental sensitivity profiles. The results of this analyze 
allows a graphical identification of two groups of participants: 
The first cluster corresponds to people who had high score on 
environmental knowledge, habits as well as environmental 
attitude. 18 people were selected from this cluster that we call 
Eco-sensitive (ES). The second cluster corresponds directly to 
participants who obtained low scores in the questionnaire 
(knowledge habits and attitude). 18 people were selected from 
this cluster called Non-Eco-sensitive (NES). 
3.3. Experimentation 
Two independents variables are tested in this 
experimentation in a mixed 2 x 4 factorial design: the 
environmental profile of users (ES and NES) and the 
intervention strategies for sustainable behavior, implemented 
on the Espresso coffee machine (S1, S2, S3, S4). The 
experimental work takes place in a laboratory equipped with 
all the necessary material to make espresso coffee. 
The experimentation has been divided into 5 mains steps: 
Step 1: The panel of participants (36 persons) is divided 
into 2 groups (2x18 persons) depending on their 
environmental sensitivity profile according to the procedure 
described in 3.2. 
Step 2: After a learning phase on the coffee maker, all the 
participants of the 2 groups, ES and NES, are asking to make 
a coffee as they would do at home on the non-instrumented 
coffee maker. Environmental performances (cf. 0) are 
measured during coffee making. 
Step 3: The 2 groups are each divided randomly into 3 sub-
groups of 6 persons each. All the persons of a same sub-group 
make two coffees on a coffee maker instrumented with S1, S3 
or S4 (Eco-feedback, Persuasive Technology or Written 
Information). In this way, each design intervention strategy is 
tested by 12 persons: 6 ES and 6 NES. Environmental 
performances are measured during coffee making. 
Step 4: The 2 sub-groups that tested the coffee-maker 
instrumented with S1 are asked to make two more coffees 
with a machine instrumented with S2: Eco-Feedback + 
Objective. The objective can in fact only be tested combined 
with eco-feedback. Environmental performances are 
measured during coffee making. 
Step 5: At the end of the experimentation, all participants 
are asked to fill in a post-experimental questionnaire. This 
questionnaire aims to evaluate the perception of users of the 
efficiency of the intervention strategies they have tested as 
well as their acceptation of the strategies.  
3.4. Measures 
Eight environmental performance variables are measured 
for each coffee made in this experimentation: 
Global electricity consumption per coffee (kWh): This the 
total amount of electricity used for the realization of one 
espresso coffee.  
Water consumption per coffee (mL): This is the amount of 
water used to make one espresso coffee. 
Time t1, t2 and t3 (s): These times correspond respectively to 
the times for preheating, coffee realization and waiting time 
before the extinction of the machine. 
Electricity consumption associated to t1, t2 and t3 (kWh): 
This refers to the amount of electricity associated to each 
phase t1, t2 and t3 (preheating, coffee realization, waiting 
time) 
A Life Cycle Analysis (LCA) is performed to evaluate the 
environmental impacts related to the implementation of 
intervention strategies on the product. 
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4. Results and conclusion  
4.1. Predicted results patterns 
The level of acceptance of the interventions is evaluated at 
the end of the trial tests thanks to a post-questionnaire. Based 
on the literature, it is predicted that written information (S4) 
will enhance ecological performance during the use phase of 
the coffee machine for both NES and ES persons. Written 
information, improves the person’s environmental knowledge 
when using the product  [21]. The expected results for the 
eco-feedback intervention (S1) are different. Eco-feedback is 
a technological mean that allows to give to individual, or a 
group of individual, information on their use behavior in order 
to reduce their environmental impacts in the use phase [22]. In 
this case, the information given to the user is the electricity 
consumption for making one coffee. In literature, the 
effectiveness of the eco-feedback is based on the hypothesis 
that there is a lack of awareness from most individuals 
concerning the environmental impacts linked to their daily 
behavior [23]. However, because it does not give 
recommendations, it is predicted that eco-feedback would be 
more effective on ES profile than on NES profile. The level of 
acceptance of this intervention is expected to be the same for 
both profiles. 
The association of the objective with an eco-feedback (S2) 
could encourage NES individuals to reach a certain 
environmental performance. The objective acts as a stimulator 
and allows the user to find a motivation sources for reducing 
his environmental impacts [24]. In our case, the objective 
place users’ electricity consumption on a scale with a target 
value to reach for getting an encouraging message.  It is 
predicted that the objective will be effective and accepted on 
both ES and NES profiles of espresso coffee maker users.  
The persuasive technology implemented on the coffee 
maker aims to ensure the behavioral change of the users. The 
reduction of environmental impacts during the use phase is 
reached for both profile but ES users could have a low level 
of acceptance of this intervention strategy. Table 2 
summarizes the predicted pattern of the intervention strategies 
on the environmental impacts in use depending on users’ eco-
profile.  
 
Table 2. Predicted pattern of the intervention strategies’ effects on 
environmental performance and acceptance from the user (ES: Eco-sensitive, 
NES: Non Eco Sensitive)  
 Intervention 
strategy 
Effectiveness on 
environmental 
impacts reduction 
Level of 
acceptance of 
the strategy 
ES 
Eco-feedback + + 
Eco-feedback + 
Objective + 
++ 
Written information + + 
Persuasive technology ++ - 
NES 
Eco-feedback 0 + 
Eco-feedback + 
Objective + 
++ 
Written information + ++ 
Persuasive technology ++ ++ 
4.2 First results 
The experimentation is still in process but the first results on 
the effect of written information on the environmental impacts 
during the use phase are presented in this section. 
 
Figure 2.Evolution of energy consumption compared to the reference coffee 
(Trial 1) when written information is placed on the machine. 
Fig 2. shows the evolution of the energy consumption for 6 
participants who tested the written information on the product. 
Trial 1 represents the energy used for making the coffee of 
reference on the non-instrumented coffee maker (step 2 in the 
experimental protocol). Trial 2 represents the quantity of 
energy used, compared to the coffee of reference, when 
written information has been placed on the coffee maker. 
Trial 3 represents the quantity of energy used, compared to 
the coffee of reference, when written information has been 
placed on the coffee maker, and shown to the user. The 
message placed on the machine was the following: “Please, 
think to switch off the machine immediately after use to save 
energy”. These results demonstrate that when written 
information related to energy consumption is given to the 
user, energy consumption during the use phase of the product 
tends to decrease. However, these environmental gains should 
be decreased considering: 
x The environmental impacts related to the way the written 
information is implemented on the coffee maker (life cycle 
assessments of the technical solution)  
x The fact that the user’s perception of the design 
intervention strategy could be less efficient by the time. 
x The level of acceptance by the user of this technical 
solution. 
A LCA has been performed with SIMAPRO software using 
the Eco indicator 99 method for the impact calculation in 
order to evaluate the added impacts related to the integration 
of written information on the coffee maker and to compare it 
to the environmental benefits in use observed. The functional 
unit was specified as the preparation of 2 cups of coffee (80ml 
each) per day, during 5 years (lifetime of the maker). All life 
cycles phases, from raw material extraction to end of life were 
considered in this analysis. Three analyses have then been 
realized: one considering the non-instrumented coffee maker 
with a specific use scenario of energy consumption based on 
the results from trial 1 (LCA1). The second one considers the 
variation of environmental impacts (compared to LCA1) due 
to the integration of written information with the same 
scenario of use (LCA2). The last one considers the 
instrumented machine with written information and the 
potential energy gains during use phase according to results 
from trial 2 and trial 3. For this scenario, the value of 20% of 
potential energy gains has been chosen as a mean. Table 3 
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summarizes the results of this analysis.   
Table 3. LCA results 
Environmental indicators LCA1 LCA2 LCA3 
Carcinogens 100% + 0,21% 90,9% 
Respiratory organics 100% + 0,03% 94,4% 
Respiratory inorganics 100% + 0,04% 93,3% 
Climate change 100% + 0,01% 90,0% 
Radiation 100% + 0,15% 80,3% 
Ozone layer 100% + 0,30% 81,4% 
Ecotoxicity 100% + 0,02% 98,3% 
Acidification/ Eutrophication 100% + 0,03% 92,7% 
Land use 100% + 0,06% 81,1% 
Minerals 100% + 0,00% 99,8% 
Fossil fuels 100% + 0,03% 92,0% 
 
One can see here that the environmental impacts decrease due 
to the new usage of the product and because the implemented 
technical solution is nearly not impacting the whole product 
life cycle. The next step of this work is to link these results 
with users’ eco-profile thanks to qualitative statistical 
analyses for the validation of the impact of users’ variables on 
environmental impacts during the use of the product. 
4.3 Discussion and future work 
This experimental procedure examines ways of 
improving environmental performance in use by modifying 
user’s behavior thanks to the implementation of design 
intervention strategies on an espresso coffee maker. This work 
can be used to get a better understanding of the relationships 
between one individual’s environmental profile and his 
behavior during use phase. Moreover, it aims to understand 
how the user is responding when confronted to an 
instrumented product, and a modification of the context of 
use, depending on his environmental profile. The future 
results will allow the completion of the model of relationship 
between user’s variables, the context of use, the use behavior 
and the environmental impacts during the use phase.   
The procedure presented in this paper will help the 
development of efficient design intervention strategies on 
consumer electrical appliances for improving environmental 
performance in the use phase. It is nevertheless needed for 
designers to understand what are the variables influencing 
user’s behavior and also to retrieve information during the use 
phase on how the product is used in order to design effective 
features on the product. Other parameters, such as the 
environmental impacts of added technologies related to the 
implementation of intervention strategies are of interests. The 
experimental procedure presented in this paper will help the 
identification of these key parameters that help to reach the 
right design solutions for environmental performances during 
use phase. 
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